INTRODUCTION
Ensiling is complex process that involves the interaction among plant enzymes and the action of numerous microbial species, ultimately changing the biochemistry of silage [1] . Particular emphasis has been made in studies on the reactions involved in production of acids from water soluble carbohydrates (WSC) during ensiling [2] , whereas the degradation of starch and structural carbohydrates did not receive the same interest. Some studies demonstrate that starch and hemicellulose degradation do take place during ensiling as their levels in pre-ensiled are higher than those after ensiling [3, 4] . Furthermore, previous researches also indicate that they may also serve as substrates for acids production by microbes during ensiling [5, 6] . It is expected that the degradation of starch and hemicellulose during ensiling could be a combined action of plant and microbial enzymes under the acidic conditions [3, 7] ; however, the mechanisms associated with starch and hemicellulose degradation during ensiling have not been fully elucidated.
In recent years, total mixed ration (TMR) silage has been widely applied to feeding dairy cows. There is an increasing practice to ensile moist and perishable agricultural and food by-products with dry feeds as TMR silage [8, 9] . To date, however, little information is available about TMR silage, particularly regarding the extents and causes of starch and hemicellulose degradation in TMR silage during ensiling. To reveal the dynamics and mechanisms underlying the starch and hemi cellulose loss with prolonged ensiling of TMR silage, TMR formulated mainly with soybean curd residue and two different roughages of alfalfa hay and Leymus chinensis hay were subjected to a series time of fermentation in this study. The loss of carbohydrates, microbial enzyme activities, succession of dominant amylolytic or hemicellulolytic microbes during ensiling as well as the microbial and enzymatic properties were investigated to clarify the main enzyme producing microbes and the roles of their enzymes in starch and hemicellulose degradation during fermentation of TMR silages.
MATERIALS AND METHODS

Preparation of total mixed ration silages
As shown in Table 1 , soybean curd residue was mixed thoroughly with hays and other dry feeds to produce two types of TMR, TMR formulated with alfalfa hay (ATMR), and TMR formulated with Leymus chinensis (LTMR), respectively. The soybean curd residue was obtained from a local food factory in Beijing and used within the day of production. The two types of hay were chopped to a length of 1 to 2 cm prior to conducting the experiment. Approximately 200 g well-mixed TMR was placed into a plastic film bag (Hiryu KN type, 200×300 mm; Asahikasei, Tokyo, Japan) and the air was removed by sealing with an automatic vacuum sealer (R-320; Beijing Rishang Co., Beijing, China). A total 18 bags per treatment were stored in a room with temperature maintained between 27°C and 31°C and triplicate bags from each treatment were randomly opened after 1, 3, 7, 14, 28, and 56 days of ensiling for laboratory analysis.
Chemical analysis and microbial enumeration
Non-fermented ATMR and LTMR samples were collected immediately after thorough mixing, and silage samples were collected at the time of silo opening. The dry matter (DM) content was determined by freeze drying and the DM losses were assessed by differences in weight and DM content. The crude protein (CP) was analyzed according to the method 976.05 of the AOAC [10] . The acid detergent fiber (ADF) and neutral detergent fiber (aNDF) were measured using the method of Van Soest et al. [11] . Hemicellulose was estimated by subtracting the ADF value from the aNDF value. The WSC and starch contents were determined by the method described by Owens et al. [12] . To measure fermentation qualities, 10 g wet samples were homogenized with 90 mL sterilized distilled water at 4°C, and then filtered through four layers of cheesecloth. The filtrates were used for determining pH, ammonia nitrogen (NH 3 -N), and organic acids. The pH was measured using a glass electrode pH meter (S20K, Mettler Toledo, Greifensee, Switzerland), and the NH 3 -N content was measured according to the phenol-hypochlorite reaction method of Broderick and Kang [13] . The organic acids concentrations were determined by high performance liquid chromatography (LC-10A, SHIMADZE, Kyoto, Japan). The silage filtrates were centrifuged at 10,000×g for 5 min at 4°C, passed through a 0.45 µm filter under pressure, and then injected into the high performance liquid chromatography system. The analytical conditions were as follows: column, ShodexRspak KC-811S-DVB gel column 300×8 mm; oven temperature, 50°C; mobile phase, 3 mmol HClO 4 , 1.0 mL/min; detector, SPD-M10AVP (SHIMADZE, Kyoto, Japan).
Populations of microorganisms were measured through the spread-plate count method. Lactic acid bacteria (LAB) were counted on de Man, Rogosa, and Sharpe (MRS) agar prepared using MRS broth (Difco, Detroit, MI, USA) with 1.6% agar, after incubation in an anaerobic incubator at 37°C for 48 h. Aerobic bacteria were determined on nutrient agar (Nissui, Tokyo, Japan), whereas enterobacteria were enumerated on blue light broth (Nissui, Japan) with additional 1.6% agar, after incubation at 30°C for 48 h. Molds and yeasts were counted on potato dextrose agar (Nissui, Japan) incubated at 28°C for 72 h, and yeasts were distinguished from molds by colony appearance and observation of cell morphology. The colonies were counted from the plates at appropriate dilutions, and the number was expressed as colony forming units (cfu) per gram of fresh matter (FM).
Enzyme assays
Wet samples (5 g) were homogenized in 20 mL sterilized distilled water, and then filtered through cheesecloth and centri fuged at 10,000×g for 5 min at 4°C. The supernatants were used as crude enzyme extracts for measuring the microbial enzyme activity in ATMR and LTMR silages during ensiling. Total amylase activity was determined using the method described by Rosés and Guerra [14] with the following modifications: diluted crude enzyme extract was mixed with 0.1 M citrate-phosphate buffer (pH 6.0) and 1.0% soluble starch (previously maintained at 40°C for 5 min) and determined the reducing sugars after 10 min of incubation at 40°C using the dinitrosalicylic acid (DNS) method [15] . One unit of amylase activity was defined as the amount of enzyme required to release 1 µg of maltose equivalents per minute under the assay conditions Hemicellulase activity was determined by measuring the release of reducing sugar from the substrate (1.0% xylan prepared with 0.1 M acetate buffer, pH 6.0) during the 60 min incubation at 40°C. One unit of hemicellulase activity was defined as the amount of enzyme releasing 1 µg of xylose equivalents per minute under the assay conditions [16] .
Screening and identification of enzyme-producing microorganisms
The following procedure was employed to screen and isolate amylolytic or hemicellulolytic microorganisms from TMR silages during ensiling. To release the microorganisms in samples, 10 g wet samples were homogenized in 90 mL sterilized distilled water, and serially diluted from 10 -1 to 10 -5 in sterilized water. Each dilution (50 µL) was evenly spread onto the modified nutrient agar and MRS agar to screen for enzyme-producing aerobic bacteria and LAB, respectively. The modified agar mediums were prepared according to the manufacturer's (Difco, USA) direction with the exception that beef extract and glucose were replaced with soluble starch or hemicellulose as the sole carbon source to screen for amylolytic or hemicellulolytic microorganisms, respectively [17] . After cultivation under recommended conditions, strains with a clear halo around the colony were isolated and purified by repeated streaking and checked for homogeneous morphology. The purified isolates were conserved in 20% glycerol at -80°C for further analysis.
To identify the species of the purified isolates, polymerase chain reaction (PCR) was carried out to amplify the complete 16S rRNA gene sequence with the forward primer 27f (5′-AG AGTTTGATCCTGGCTCAG-3′) and the reverse primer 1492r (5′-GGTTACCTTGTTACGACTT-3′) [18] . The PCR procedure was performed as described by Hu et al. [9] . The PCR products were separated by gel electrophoresis on a 1.0% agarose gel, detected by Gold View (Solarbio, Beijing, China) according to the manufacturer's instructions and photographed under UV light with a charge-coupled device camera. Sequencing was carried out by Shanghai Sunny Biotechnology Co., Ltd. (Shanghai, China), and then the sequences were analyzed using BLASTN online tool (http:/blast.ncbi.nlm.nih.gov/ Blast.cgi). The 16S rRNA gene sequences of isolates and sequences from the type strains held in GenBank were aligned with program CLUSTAL W [19] . Phylogenetic tree was constructed from the evolutionary distance data that were calculated from Kimura's two-parameter model [20] using the neighbor-joining method [21] . Bootstrap analyses were performed on 1,000 random resamplings. Evolutionary analyses were conducted in MEGA6 [22] . The nucleotide sequences for the 16S rRNA gene described in this paper were deposited in the NCBI GenBank data library under accession numbers KU239970 to KU239983.
Analysis of microbial and enzymatic properties
The pure cultures were cultivated at proper temperature (30°C and 37°C for aerobic bacteria and LAB, respectively) for 24 h and then inoculated into liquid fermentation mediums. After 48 h of cultivation at their corresponding temperatures with shaking at 160 rpm, the effects of pH on the enzyme activity in the supernatant was determined using the method as described above and buffers with pH in the range between 4.0 and 7.0. Survival and growth of pure cultures under anaerobic conditions were performed using the method described by Liu et al. [23] . Growth of purified aerobic bacteria and LAB was assessed at pH from 4.0 to 7.0 in nutrient broth (Difco, USA) and MRS broth after incubation at 30°C and 37°C for 3 d, respectively.
Statistical analysis
Statistical analysis was performed using the general linear model procedure of IBM SPSS Statistics for Windows (Version 20.0; IBM Co., Armonk, NY, USA). Data on fermentation qualities, microbial counts, chemical compositions, ensiling losses and microbial enzyme activities were subjected to twoway analysis of variance, with the fixed effects of days of ensiling, type of TMR (ATMR vs LTMR), and the interactions between days of ensiling and type of TMR. Significance was defined at a 0.05 probability level.
RESULTS
Fermentation quality and microbial components during ensiling
Both ATMR and LTMR silages were well preserved, with low pH and NH 3 -N concentration, and high concentration of lactic acid ( Table 2 ). The days of ensiling influenced (p<0.05) all the fermentation characteristics and microbial parameters, whereas the type of TMR affected (p<0.05) most of the studied parameters except the enterobacteria population. The interaction between days of ensiling and type of TMR significantly affected (p<0.05) pH, lactic acid and NH 3 -N concentrations, and microbial parameters. The pH of the non-fermented ATMR and LTMR was 5.89 and 6.39, respectively, and it was reduced to below 4.2 after 14 d of fermentation. Concentrations of lactic and acetic acids increased throughout the ensiling period. Changes in NH 3 -N concentration during ensiling showed a similar trend to that observed for acids; it increased as the ensiling process progressed in both TMR silages. The epiphytic LAB populations in both TMRs were above 10 6 cfu/g FM, and peaking to 10 8 cfu/g FM at day 3 post-ensiling for ATMR silage and 10 9 cfu/g FM at day 7 post-ensiling for LTMR silage. The number of aerobic bacteria in both TMR silages declined gradually during the ensiling process and remained at 10 4 cfu/g FM after 56 d of fermentation, whereas the enterobacteria were below detectable levels after 7 d of fermentation in both TMR silages. Yeasts population decreased as ensiling advanced and became undetected after 14 d of ensiling, while no molds were detected throughout the ensiling periods in both TMR silages.
Chemical composition and losses during ensiling
The initial WSC and starch content of ATMR were similar to the values observed in LTMR, whereas the initial hemicellulose content was higher in LTMR than in ATMR (Table 3 ). Significant decline (p<0.05) was detected in chemical components, with the exception of the CP content, which showed an increase (p<0.05) during ensiling in both TMR silages. The aNDF and ADF contents showed significant interaction (p<0.05) between days of ensiling and type of TMR. The DM and carbohydrates losses were affected (p<0.05) by both the days of ensiling and type of TMR ( Table 4 ). The DM losses gradually increased as the ensiling advanced and appeared highest after 56 d of ensiling in both TMR silages. Approximately 57% and 54% of WSC were lost in ATMR and LTMR silages, respectively, after 56 d of ensiling, and the greatest quantity was lost during the first day of fermentation. The starch and hemicellulose losses for both TMR silages also increased with prolonged ensiling time. Higher losses of DM, WSC, and starch, but lower hemicellulose losses were obtained in ATMR silage compared to LTMR silage during the same ensiling period.
Microbial amylase and hemicellulase activities during ensiling
Dynamic changes in microbial amylase and hemicellulase activities in ATMR and LTMR silages during ensiling are shown in Figure 1 . The microbial amylase activity declined rapidly (p<0.05) during the initial 7 d of fermentation in both TMR silages. It remained at 25% and 43% of its original amylase activity in ATMR and LTMR silages, respectively, after 56 d of fermentation, whereas the hemicellulase activity progressively decreased until it was inactive at day 14 post-ensiling in both TMR silages. Compared between the two TMR silages, higher (p<0.05) amylase activity but lower (p<0.05) hemicellulose activity was observed in ATMR silages.
Isolation, identification, and characterization of amylolytic and hemicellulolytic microbes during ensiling
A total of 62 and 80 enzyme-producing strains were isolated from ATMR and LTMR silages, respectively. The isolates were identified as eight species, showing more than 99% similarity in the 16S rRNA gene sequences with each corresponding type strains (Table 5 ). In total, five strain groups (A1 to A5) were isolated from ATMR (silages) and five strain groups (L1 to L5) from LTMR (silages). As shown in Table 5 and Figure 2 , strain groups A1, A3/L2, A4, and L4 were placed in clusters of Bacillus amyloliquefaciens (B. amyloliquefaciens), B. licheniformis, B. subtilis, and Paenibacillus xylanexedens (P. xylanexedens), respectively, having both amylase and hemicellulase activity. Strain groups A2, L1, and A5/L5 were placed in clusters of B. cereus, B. flexus, and Enterococcus faecium (E. faecium), respectively, producing only amylase. Strain group L3 was clearly assigned to the specie B. pumilus, having hemicellulase activity alone. Strain groups A1, A2, L1, A3/L2, L3, A4, and L4 were detectable throughout the ensiling periods, whereas strain group A5/L5 was detected starting from day 7 post-ensiling until day 56 post-ensiling of fermentation. All the strain groups grew in aerobic conditions, and most of the strain groups, except for groups L1, L3, and A4, grew in anaerobic conditions ATMR, total mixed ration prepared with alfalfa hay; LTMR, total mixed ration prepared with Leymus chinensis hay. 1) Groups A1-A5 were isolated from ATMR (silages) and Groups L1-L5 were isolated from LTMR (silages).
2) Groups A1-A4 and L1-L4 were detectable throughout the ensiling periods, whereas group A5/L5 was detected starting from day 7 post-ensiling until day 56 post-ensiling of fermentation.
3), 4) +, positive; -, negative; 5), 6) +, normal growth; w, weak growth; -, no growth. as well. Stain groups A3/L2 and L3 did not grow at pH 4.5 and A1, A2, L1, A4, and L4 grew weakly at this pH. Strain group A5/L5 grew well at pH 4.0 and others did not. The effects of pH on the amylase and hemicellulase activities of microbes isolated from ATMR and LTMR silages during ensiling are shown in Table 6 . The amylase activities of strain groups A2, L1, A3/L2, A4, and L4 were optimal at pH 6.0, and more than 62% of their activity was retained between pH 5.0 and 7.0; the exception was strain group L1, which amylase activity declined sharply as pH below 6.0. The amylase produced by strain groups A1 and A5/L5 presented maximum activity at pH 7.0 and 5.0, respectively, and retained more than 56% of their activity within the pH range of 4.0 to 7.0. The optimum pH value for hemicellulase activity in all hemicellulolytic strain groups was 6.0. These strain groups maintained more than 54% of their hemicellulase activity at pH between 5.0 and 7.0, with the exception of strain group L3, which hemicellulase activity substantially decreased at pH below 6.0. Moreover, strain groups A1, A3/L2, and A4 displayed relatively higher amylase activities compared to other amylolytic strain groups, and strain group L3 showed the highest hemicellulase activity among the hemicellulolytic strain groups.
DISCUSSION
In this study, although the initial pH and lactic acid concentration were different between ATMR and LTMR, which preumably caused by the different properties between alfalfa hay and Leymus chinensis hay, both TMR silages obtained good fermentation quality after 56 days of ensiling as indicated by the high concentration of lactic acid, low pH and NH 3 -N concentration, and the absence of butyric acid. Such results may be attributed to the high epiphytic LAB populations (10 6 cfu/g FM) and sufficient WSC concentrations (111 and 117 g/kg DM) in the two types of TMR [24] . The differences in initial chemical and microbial compositions between ATMR and LTMR may lead to different variation trends in some fermentation qualities, microbial and chemical compositions parameters between two types of TMR silages during ensiling, which could be responsible for the significant interactions between days of ensiling and type of TMR observed in this study.
The efficient conservation of TMR silage with minimal losses during the storage period is important in providing ruminants with essential nutrients. In this study, the DM losses in both TMR silages during the ensiling period were small and within the acceptable range of 2% to 4% suggested by McDonald et al. [1] . WSC is the most critical in providing sufficient fermentable material for the production of high quality silages by LAB [2] . In this study, more than half of WSC were lost after 56 d of fermentation in both TMR silages, whereas the variations in WSC content could not explain the differences in acids production during ensiling. Similar results were obtained in our previous study on TMR silage formulated mainly with whole crop corn silage and other dry feeds [24] , indicating that substances other than WSC are converted into acids during ensiling. In this study, besides the reduction in WSC content, loss of starch and hemicellulose was also observed in both TMR silages during ensiling. This finding is consistent with studies conducted by Melvin [5] and Yahaya et al. [6] , which suggested that starch and hemicellulose could also serve as microbial substrates for the production of acids, thus contributing to the higher acids production than the loss in WSC content in both TMR silages.
It has been suggested that starch and hemicellulose can be degraded into some simple carbohydrates by plant and microbial enzymes under the acidic conditions [3, 7] . As considering for the properties of TMR ingredients, the degradation of starch and hemicellulose during ensiling is probably the result of microbial enzyme mechanisms, since plant enzymes in soybean curd residue and other dry feedstuffs were inactivated during the high temperature processing or with extremely low moisture level. The detectable microbial amylase and hemicellulase Table 6 . Effects of pH on the amylase and hemicellulase activities of microbes isolated from ATMR and LTMR silages 
